Escherichia coli FadR, a member of the GntR family of transcription factors, plays dual roles in fatty acid metabolism. FadR-DNA binding is inhibited by fatty acyl-CoAs, and thus FadR acts as a sensor of the fatty acid level in bacteria. We have identified FadR-binding sites in the upstream regions of genes showing altered expression after the disruption of fatty acid biosynthesis in Mycobacterium tuberculosis. A FadR homologue in M. tuberculosis, Rv0494, was identified, which binds to its operator in the upstream region of the kas operon. We have shown that FadR Mt (Rv0494) directly binds to long-chain fatty acyl-CoA and that binding quenches the intrinsic fluorescence of the purified protein. FadR-DNA binding can be impaired by long-chain fatty acylCoA compounds. Overexpression of Rv0494 in Mycobacterium bovis BCG reduced the basal level expression of kas operon genes, thereby suggesting the repressor nature of this protein in fatty acid synthase II regulation. This is the first report, to the best of our knowledge, of a GntR/ FadR family protein acting as a fatty acid-responsive transcriptional regulator in M. tuberculosis, suggesting a possible role for this protein in mycolic acid biosynthesis.
INTRODUCTION
Mycolic acids (MAs) are long carbon chain (C 60-90 ) fatty acids which constitute the major component of the Mycobacterium tuberculosis cell wall (Heath et al., 2001) . Their biosynthesis in mycobacteria involves two fatty acid synthases (FASs): the eukaryotic-like multifunctional enzyme FAS-I and the ACP-dependent FAS-II. FAS-II consists of disparate enzymes, which elongate the FAS-Igenerated C 16-26 -CoA primers to unusually long carbon chain fatty acids (Takayama et al., 2005) . The elongation pathway in M. tuberculosis is accomplished by the concerted action of a set of five genes, fabD-acpM-kasAkasB-accD6 (Rv2243-2247), which constitute the kas operon at one locus, and mabA-inhA (Rv1483-1484) at another locus (Cole et al., 1998; Slayden & Barry, 2002) . FAS-II pathway inhibitors such as isoniazid (INH), ethionamide (ETH) and thiolactomycin were shown to induce the transcription of the kas operon in wholegenome transcriptome profiling (Betts et al., 2003; Wilson et al., 1999) . The inhibition of the FAS-II pathway led to the depletion of mature mycolates and to the accumulation of C 16-26 -CoA derivatives, which are associated with the transcriptional induction of the kas operon genes (Mdluli et al., 1998) . This implies the presence of a regulatory feedback mechanism that senses the imbalance between accumulating MA biosynthesis intermediates and the depleting full-length mycolates (Wilson et al., 1999) . Thus, it is possible to hypothesize the presence of a transcriptional regulator(s), which senses this imbalance and in turn affects the expression of these genes either by direct or indirect interaction with kas operon regulatory sequences.
FadR is an Escherichia coli transcriptional regulator that negotiates expression of genes whose products mainly function in fatty acid metabolism in response to available fatty acids (Cronan & Subrahmanyam, 1998) . FadR binds to DNA targets as a homodimer (van Aalten et al., 2000) , and this interaction can be disrupted by binding to fatty acyl-CoA derivatives (DiRusso et al., 1992; Henry & Cronan, 1992; van Aalten et al., 2000) . FadR orthologues are present in different bacterial species, but their conservation is largely confined to the N-terminal DNAbinding, helix-turn-helix (HTH) domain, whereas the Cterminal acyl-CoA-binding regions are poorly conserved (Iram & Cronan, 2005; van Aalten et al., 2000) . An in silico search for the GntR/FadR protein family in M. tuberculosis identified a FadR homologue (Rv0586) that binds to the upstream region of the mce2R gene, and further investigations suggested a diverse role of this protein in mycobacterial physiology and virulence (Vindal et al., 2007a; Vindal et al., 2008) .
In this study, we identified another member of the GntR/ FadR family of regulators in M. tuberculosis, Rv0494, which binds to the FadR consensus sequence in the upstream region of the H37Rv kas operon. This binding was specifically antagonized by long-chain fatty acyl-CoA. Overexpression of Rv0494 in Mycobacterium bovis BCG reduced the basal level of expression of kas operon genes, thereby suggesting the repressor nature of this protein in FAS-II regulation. This study provides the first evidence, to the best of our knowledge, of an M. tuberculosis FadR-like protein involved in fatty acid-responsive transcriptional regulation, and suggests that this protein has a possible role in MA biosynthesis in M. tuberculosis.
METHODS
Identification of FadR-binding sites and FadR mycobacterial orthologues. M. tuberculosis genes showing altered expression upon INH and ETH treatment were analysed in previous studies (Betts et al., 2003; Fu, 2006; Waddell et al., 2004; Wilson et al., 1999) , and common genes among these studies were selected (Table 1) . FadR Ecbinding sites were searched for in the immediate upstream regions, which contained the intergenic region between the candidate gene and its preceding gene, using FadR Ec -binding position weight matrix by PRODORIC regulon analysis. Mycobacterial orthologues of FadR Ec were identified using pBLAST at TubercuList. Rv0494 paralogues in M. tuberculosis and orthologues in other mycobacterial species were identified using COG resources at the Kyoto Encyclopedia of Genes and Genomes (KEGG) database.
Cloning, expression and purification of FadR Mt and FadR Mt DHTH. The Rv0494 ORF (FadR Mt ) was amplified from the M. tuberculosis H37Rv genome using gene-specific primers, and the N-terminal HTH domain was deleted (FadR Mt DHTH) using specific forward and reverse primers (Table 2) . Amplicons were cloned separately into the PCR cloning vector pTZ57R/T (Fermentas); the integrity of the clones was confirmed by DNA sequencing, following which the ORFs (FadR Mt and FadR Mt DHTH) were relocated to the pET28a (+) expression vector. Proteins were overexpressed as Cterminal His 6 -tagged recombinants in E. coli cells (pLysY + ) using 0.8 mM IPTG at 20 uC and were purified using Ni-NTA affinity chromatography. Further purification was carried out using the Superdex S-200 column on the AKTA purification system (GE Healthcare). One millilitre of the fraction corresponding to each peak was collected and analysed by SDS-PAGE.
Cross-linking of purified proteins and M. tuberculosis cellular proteins. M. tuberculosis H37Rv culture (OD 600 0.8) was centrifuged and cells were cross-linked with 1 % formaldehyde. Cells were washed with PBS (pH 7.4), sonicated in resuspension buffer (50 mM Tris pH 8.0, 100 mM NaCl, 5.0 %, v/v, glycerol and 1 % protease inhibitor) and the supernatant was recovered by centrifugation. The His 6 -FadR Mt protein was cross-linked using different concentrations of glutaraldehyde (0.025-0.1 %) at 25 uC for 30 min.
Generation of polyclonal rabbit anti-FadR Mt antibody and immunodetection of FadR Mt . Anti-FadR Mt antibodies were raised in female New Zealand white rabbits. Purified His 6 -FadR Mt protein (100 mg) was mixed with Freund's incomplete adjuvant (Sigma) and was injected into rabbits subcutaneously. Three boosters of 100 mg purified protein and Freund's incomplete adjuvant were given at 10 day intervals. Rabbits were bled 9 days after the last booster and blood serum was collected. Immunodetection was performed with the primary antibody (polyclonal sera at 1 : 3000), followed by washing and incubation with the secondary antibody (anti-rabbit IgG horseradish peroxidase conjugate at 1 : 30 000). The blots were developed using the chemiluminescent substrate (Pierce) and the signals were captured on the Bio-Rad Chemidoc system.
Electrophoretic mobility shift assay (EMSA). A 59-FAM-labelled oligo (GTCGGACGGAAAGTGATCCAGACAACAGGT) containing a FadR-binding site from the kas operon upstream region and its complementary strand were synthesized (IDT); predicted FadR-binding site is underlined. E. coli FadR-binding consensus sequences were derived from the previously published study by Campbell and Cronan (2001) and the 59-FAM-labelled oligo (AGCTGGTCGGATTTGTT) and its complementary strand were synthesized similarly. Equimolar concentrations of both oligos were heat denatured and annealed at 25 uC. DNA-protein binding was carried out in binding buffer (20 mM Tris pH 8.0, 20 mM KCl, 1 mM DTT, 0.3 % BSA, 500 ng poly dI/dC) for 2 h. Fifty femtomoles of the FAM-labelled DNA probe was used for each binding reaction. For the inhibition of DNA-protein binding, His 6 -FadR Mt was preincubated with different fatty acyl-CoAs (Sigma) for 1 h before binding to the DNA probe. The DNA-protein complex was run on a 6 % non-denaturing polyacrylamide gel, and the image was captured by the Typhoon Trio + Imager Analyser (GE Healthcare).
Fluorescence spectroscopy. Fluorescence studies were performed using the Perkin Elmer LS-55 Fluorimeter. Purified His 6 -FadR Mt was incubated with respective ligands at different concentrations for 20 min on ice. The emission spectra were recorded between 300 and 400 nm in a stirred cuvette containing the recombinant protein (20 mM Tris pH 8.0, 20 mM KCl). Excitation was carried out at 280 nm with a bandpass of 8 nm and a step size of 1 s. The quenching of intrinsic fluorescence was analysed by a multiple scan of the same sample.
Rv0494 overexpression and qRT-PCR analysis. Rv0494 was subcloned into the pMV261 plasmid vector downstream of the hsp60 promoter. M. bovis BCG was then transformed with pMV261-Rv0494 to generate BNS12013, a recombinant BCG strain overexpressing Rv0494. For the control, M. bovis BCG was transformed with an empty pMV261 vector to generate M. bovis BCG261. RNA was extracted from M. bovis BCG261 and BNS12013 exponential-phase cultures using an RNA isolation kit (Qiagen). DNase treatment was carried out to remove any DNA contamination, and post-treatment RNA was reverse transcribed using random primers and Transcriptor reverse transcriptase (Roche). qRT-PCR was performed using SYBR Green master mix on a Roche 480 LightCycler. The expression of fabD, acpM, kasA, kasB and Rv0494 was quantified after normalization of RNA levels to the expression of the sigA gene using LightCycler 480 II software, as described previously (Singh and Singh, 2009 ). The mean relative expression levels and SD were determined from the data generated from three different experiments.
RESULTS AND DISCUSSION
FadR regulon in M. tuberculosis includes genes transcriptionally altered by INH/ETH
Transcriptome analysis provides the pattern of gene expression in organisms in response to a variety of stresses. However, sometimes the results generated in different Table 1 . Genes that showed altered expression upon INH and ETH treatment in microarray-based gene expression analyses, and those that were found to be common in more than one study (Betts et al., 2003; Fu, 2006; Waddell et al., 2004; Wilson et al., 1999) are reported
Functional categories are assigned as described on TubercuList. (Wilson et al., 1999) , 25 genes (Betts et al., 2003) , 42 genes (Fu, 2006) and 155 genes (Waddell et al., 2004) were reported to be upregulated. Similarly, there were differences in the numbers of downregulated genes in these studies. Among these, we selected 38 genes which showed altered (33 upregulated and 5 downregulated) expression in more than one study (Table 1 ). The majority of these genes (23/38) are involved in lipid metabolism and cell-wall and cell processes. Since FadR is a bifunctional regulator of fatty acid metabolism (DiRusso et al., 1992), we speculated that these genes might be transcriptionally regulated by FadR, and therefore harbour FadR operator sites in their regulatory regions. Guided by this assumption, the presence of FadR-binding sites was searched for in the immediate upstream sequences of these genes using a FadR Ec -binding consensus sequence. The majority of these genes showed the presence of FadR-binding sites in their upstream regions (Fig. 1) . A consensus sequence of FadR Mt -binding sites was derived based on the alignment of FadR-binding sites, which showed similarity in the first seven bases (AGCTGGT) that are conserved in most FadR operators (Campbell & Cronan, 2001; Robison et al., 1998) . This implies that the mycobacterial FadR Mt and FadR Ec probably bind to similar DNA motifs.
Locus

Rv0494, a GntR/FadR homologue in M. tuberculosis
We identified a putative member of the GntR/FadR protein family, Rv0494, which showed the best match in pBLAST against FadR Ec in the M. tuberculosis genome. Other hits included Rv0586 and Rv0792, which had lower scores, and these were considered as Rv0494 paralogues. More paralogues of Rv0494 were identified from the KEGG COG database. Rv0494 orthologues were identified in different mycobacterial species; these showed a more conserved DNA-binding HTH domain and a less conserved ligand-binding domain (Fig. 2) . These findings are in agreement with previous reports on GntR/FadR family proteins in mycobacteria (Vindal et al., 2007a; Vindal et al., 2007b) .
Characterization of recombinant FadR Mt (Rv0494) and FadR Mt DHTH
The Rv0494 ORF was overexpressed in E. coli as a recombinant protein, His-tagged at the C terminus. The protein was purified to homogeneity ( Fig. 3) and was further characterized. The molecular mass of His 6 -FadR Mt (Rv0494) derived from its nucleotide sequence is 27.7 kDa. But in its native conditions (50 mM Tris, pH 8.0, 100 mM NaCl) upon size exclusion chromatography, His 6 -FadR Mt appeared as a~56 kDa protein, which is nearly twice its predicted molecular mass (Fig. 3a) . This is in line with previous reports, where FadR Ec was shown to exist as dimers in native conditions (Raman et al., 1997) . To reaffirm the dimerization of FadR Mt , purified His 6 -FadR Mt was cross-linked with glutaraldehyde and analysed on SDS-PAGE, wherein it appeared as two distinct bands instead of a single band of uncross-linked protein (Fig. 3d) . This suggested the existence of FadR Mt dimers in native solutions, corroborating the findings of size exclusion chromatography. To examine the cellular state of FadR Mt , total cellular protein was isolated from formaldehyde-fixed M. tuberculosis cells and was probed with rabbit polyclonal antibody after separation on SDS-PAGE. Two bands in the size range of dimeric and monomeric FadR Mt forms were detected (Fig. 3f) , which suggests that Rv0494, similarly to its E. coli orthologue FadR Ec (Raman et al., 1997) , possibly binds to DNA as a dimer in mycobacteria. Similar to fulllength His 6 -FadR Mt , the His 6 -FadR Mt DHTH upon size exclusion chromatography in its native conditions appeared as a~36 kDa protein (Fig. 3b) , which is twice its predicted molecular mass of 18.7 kDa. The dimeric existence of His 6 -FadR Mt DHTH in native solutions suggests that its dimerizing domain is distinct from its DNA-binding domain.
DNA binding of recombinant His 6 -FadR Mt protein (Rv0494)
The kas operon regulatory region immediately upstream of fabD (Rv2243) was found to have an FadR-binding site (Fig. 1) . A 30 bp fragment of this sequence, which included putative FadR-binding sites plus 59-and 39-flanking regions, was selected as a probe and was allowed to bind to the purified His 6 -FadR Mt protein. As depicted in Fig.  4 with respect to the DNA-protein band (Fig. 4a) . No binding was observed when the same probe was incubated with BSA and the protein was preincubated with an excess of cold probe (Fig. 4b) . The binding of His 6 -FadR Mt to DNA was insensitive up to 300 mM KCl (Fig. 4b) , suggesting a high-binding affinity of recombinant FadR Mt to its cognate motif. Truncation of the putative HTH domain abolished the interaction of His 6 -FadR Mt DHTH with the consensus DNA sequence (Fig. 4b) , thereby establishing the identity of the FadR Mt HTH domain and its affinity to the predicted FadR Mt cognate DNA motif. We also observed His 6 -FadR Mt binding to the E. coli FadR consensus sequence (Fig. 4c) , suggesting the conservation of a FadR cognate motif in these two phylogenetically distant microbes. It may be noted that we identified a mycobacterial FadR Mt consensus sequence using a FadR Ecbinding position weight matrix.
Inhibition of FadR Mt -DNA binding by fatty acyl-CoA
FadR-DNA specific binding was shown to be inhibited by its interaction with long-chain fatty acyl-CoA (DiRusso Iram & Cronan, 2005) . We analysed a set of fatty acyl-CoA moieties for their ability to inhibit the binding of His 6 -FadR Mt to its operator sites. These included known acyl-CoA derivatives with varying carbon chain lengths and extents of unsaturation, viz. acetyl-CoA, malonyl-CoA, palmitoyl-CoA (C 16 : 0 ), palmitoleoyl-CoA (C 16 : 1 ) and oleoyl-CoA (C 18 : 1 ). Of these, only the preincubation with oleoyl-CoA was found to inhibit the His 6 -FadR Mt -DNA interaction (Fig. 4d) . The preincubation of E. coli FadR with palmitoyl-CoA, palmitoleoyl-CoA and oleoyl-CoA was shown to inhibit the interaction of FadR Ec with its operator at ¡1 mM (DiRusso et al., 1992) . In the present study, while other fatty acyl ligands did not show any effect on the His 6 -FadR Mt -DNA interaction, the oleoyl-CoA was found to inhibit the His 6 -FadR Mt -DNA interaction at 10 mM of ligand (Fig. 4d) . No inhibition was noticed when the same DNA-protein complex was preincubated with ¡5 mM oleoyl-CoA (data not shown). The His 6 -FadR Mt affinity for oleoyl-CoA is explicable, as FadR orthologues have been shown to have preferences for higher-carbon-chain length fatty acyl moieties (DiRusso et al., 1992) . The inhibition of FadR Ec -DNA binding by the fatty acyl-CoA compounds was found to be carbon-chainlength dependent, with C 18 and C 16 .C 14 .C 10 (DiRusso et al., 1992; Iram & Cronan, 2005) . However, since the present conclusion was based on EMSA results that provide an indirect measure of FadR-acyl-CoA binding using the protein-DNA interaction, we analysed the direct interaction of FadR Mt with its fatty acyl moieties. In order to evaluate the direct FadR Mt -acyl-CoA binding, we measured the quenching of intrinsic fluorescence of purified His 6 -FadR Mt upon addition of different fatty acyl-CoA moieties. Purified recombinant His 6 -FadR Mt was excited at 280 nm and the emission spectra were recorded from 300 to 400 nm. There was no discernible difference in the spectra observed with acetyl-CoA, malonyl-CoA, palmitoyl-CoA and palmitoleoyl-CoA up to 10 mM, whereas upon addition of oleoyl-CoA at the same concentration we observed a marked decrease in the fluorescence of the recombinant protein (Fig. 5a) . Furthermore, we evaluated FadR binding using different concentrations of oleoyl-CoA. An appreciable decrease in the intrinsic fluorescence of His 6 -FadR Mt was observed at 2 mM oleoyl-CoA, which gradually increased with increasing ligand concentration (Fig. 5b) . At 10 mM the decrease in intrinsic fluorescence was quite large and it did not increase substantially further as the ligand concentration increased to 12 mM, suggesting that the quenching had almost reached saturation level. It may be noted that oleoyl-CoA disrupted the His 6 -FadR Mt -DNA interaction in EMSA studies at 10 mM. These results suggest that unlike its E. coli orthologue, which binds to different carbon-chain-length fatty acyl-CoA molecules, FadR Mt (Rv0494) selectively binds to oleoyl-CoA, and though the binding starts at a lower ligand concentration, the disruption of the FadR Mt -DNA interaction requires a conformational change in the protein, which is achieved at nearly-saturation-level concentration.
The poor conservation in the ligand-binding regions of the FadR homologues allows different FadR proteins to bind different acyl-CoA ligands with varying affinities. E. coli and Salmonella enterica possess very similar FadR proteins (.90 % similar), but they display marked differences in their acyl-CoA binding affinities; the dissociation constant of the S. enterica FadR for oleoyl-CoA was twice that of the E. coli FadR (Iram & Cronan, 2005) . At this point we are unable to explain the physiological relevance of oleoyl-CoA binding to His 6 -FadR Mt at such a high concentration. The kas operon locus and its upstream region are highly conserved in mycobacteria (Gupta & Singh, 2008; Salzman et al., 2010) , and its genes transcriptionally respond to the disruption of fatty acid biosynthesis and environmental stress conditions. The inhibition of the FAS-II elongation pathway results in the accumulation of fatty acyl moieties with varying carbon chain lengths (C 16-26 ) (Slayden and Barry, 2002; Mdluli et al., 1998) , which probably bind to FadR and disengage it from its operator site, leading to the transcriptional upregulation of kas operon genes. Moreover, since FadR family proteins display weak conservation in the ligand-binding regions, it is possible that the different Rv0494 paralogues in M. tuberculosis exhibit preferences for varying carbon-chain-length fatty acyl-CoA compounds. E. coli FadR orthologues from different species showed markedly higher differences in their acyl-CoA binding abilities, despite having similar preferences for their DNAbinding motifs (Iram & Cronan, 2005; Raman & DiRusso, 1995) . The upregulation of these genes was best achieved by exposing the bacterial cells to MIC levels of these inhibitors (Gupta & Singh, 2008; Wilson et al., 1999) , when the pathway is sufficiently inhibited and a substantial amount of the fatty acyl moieties are accumulated in bacterial cells. This probably explains why Rv0494 requires a higher concentration of oleoyl-CoA.
To analyse the regulatory control of Rv0494 on the expression of kas operon genes we overexpressed Rv0494 in M. bovis BCG. Using quantitative qRT-PCR we showed that Rv0494 overexpression represses the basal level of expression of kas operon genes, fabD, acpM, ksaA and kasB (Fig. 6a) . This suggests that Rv0494 negatively regulates the expression of kas operon genes, and the repression occurred presumably due to the increased occupancy of the fad operators by the increased number of FadR Mt molecules. It may be recalled that disruption of the elongation pathway by FAS-II inhibitors, which leads to the accumulation of fatty acyl-CoA moieties, induced the expression of kas operon genes (Wilson et al., 1999; Mdluli et al., 1998) , as they released FadR from its operator sites. Moreover, we also performed an experiment in FYJ369, an E. coli gfadR strain, in which the FadR-regulated fadBA promoter controls the expression of the lacZ reporter gene (Feng & Cronan, 2010) . In this strain Rv0494 overexpression only partially repressed fadBA promoter activity (Fig. 6b) , suggesting a weak interaction of the M. tuberculosis protein with the E. coli promoter.
Recently, the TB database (http://www.tbdb.org/) reported a ChIP-Seq profile of Rv0494-binding sites in the M. tuberculosis genome. This included the regulatory regions -----+  ------------0.3  --------------+  --------+  -----------3  ----------+  ---+  3  -3  3  2 of several genes which are involved not only in lipid metabolism and cell-wall biosynthesis pathways, but also in intermediary metabolism, PPE family genes and different regulatory pathways. Four genes from this study (Rv0888, Rv1592c, Rv1690, Rv1987), which were predicted to have FadR-binding sites in their regulatory regions (Fig. 1) , were found in the ChIP-Seq data. However, the region immediately upstream of the kas operon, the binding of which to Rv0494 is shown in the present study, was missing. The genome-wide approaches to regulon studies have always generated discrepancies (Hartkoorn et al., 2012) , some of which may be attributed to the use of different mycobacterial strains, time point of RNA isolation and the experimental conditions employed for these studies. ChIP-Seq mapping of FadR Mt -binding sites was performed by overexpressing the regulatory protein under the control of a tetracycline-inducible promoter during mid-exponential-phase growth; whereas, we analysed the genes derived from microarray-based studies that were performed using a M. tuberculosis culture after the treatment with INH and ETH. Importantly, FadR Mt (Rv0494) was not found to be upregulated in any one of those studies (Wilson et al., 1999; Betts et al., 2003; Waddell et al., 2004; Fu, 2006) .
In E. coli, two transcription factors, the activator FadR (DiRusso et al., 1993; Henry and Cronan, 1992) and the repressor FabR (Zhang et al., 2002; Feng and Cronan, 2011) , reciprocally control the expression of the fabA and fabB genes, the products of which are required for unsaturated fatty acid synthesis. MA biosynthesis is dynamically regulated during different stages of growth and in response to different physiological conditions in M. tuberculosis (Heath et al., 2001; Takayama et al., 2005) . The kas operon genes play a key role in this process and they are indispensable for the growth of bacilli (Mdluli et al., 1998; Salzman et al., 2010) . It is probable that the cis-regulatory region of the kas operon also contains binding sites for more than one transcriptional regulator to regulate the expression of these genes in response to the changing physiological states of the microbe. MabR, a highly conserved transcriptional regulator in mycobacteria, was shown to control the expression of kas operon genes by binding to a 21 bp palindrome in the kas operon promoter (Salzman et al. 2010) . It is quite possible that FadR and MabR are both engaged in the transcriptional regulation of kas operon genes, which are essential for MA biosynthesis in mycobacteria. We have provided direct evidence of the binding of FadR Mt to a fatty acyl ligand, and have shown that ligand binding disrupts the FadR Mt -DNA interaction. Moreover, we have shown that the overexpression of Rv0494 repressed the transcription of the kas operon genes in vivo. This is the first report, to the best of our knowledge, of a FadR family protein acting as a fatty acidresponsive transcriptional regulator in mycobacteria, adding new insight to our understanding of the genetic networks that regulate MA biosynthesis in M. tuberculosis. To monitor the possible effect on the fad regulon by Rv0494, three strains were used: SI203 (WT), SI207 (gfadR) and FYJ369 (gfadR+Rv0494) ( Table 1 ). The mid-exponential-phase cultures were grown in RB medium, and 0.5 mM IPTG was added to induce the expression of Rv0494. b-Galactosidase (b-Gal) activities were determined from more than three independent experiments, and error bars indicate SD. Rv0494 overexpression partially represses the b-gal level; bgal expression is regulated by the fadBA promoter, a major member of the fad regulon in E. coli.
